The purpose of this study was to construct a scheme that makes it possible to compare the relationship between water usage, satisfaction, and physical properties in three countries. The physical properties of the shower were measured using physical properties testing apparatus of water-saving standard or scheme for showerheads issued in several water-saving countries and data for users satisfaction evaluation was acquired through bathing experiments. In this paper, we analyzed the result from Taiwanese and Vietnamese individuals to compare them to of Japanese subjects analyzed in the previous study. We compared the physical properties of showers assessed low in satisfaction by Taiwanese, Vietnamese and Japanese subjects. It was assumed that spray pattern tends to decrease satisfaction when the water volume ratio within 100 mm and 150 mm of a measuring device is located a 450 mm distance from the showerhead is low, and that, because all three countries showed the same value, it was imagined that there were no differences in the water volume ratio of high-satisfaction showerheads among three countries. On the other hand, the values of Spray Force-per-Hole, Temperature Drop, and Spray Angle were different among three countries. We speculated that these differences are affected respectively by ethnic differences in pain tolerance, thermoregulatory response and bathing habit.
Introduction
In recent years, the shortage of water resources has become a serious global issue. The use of water-saving showers, which are expected to reduce the amount of water used daily, is thought to preserve water resources. In addition, using water, especially to heat it up, consumes energy for its transportation and purification, as well as for sewage treatment. It is pointed out that this consumption of energy also results in the emission of CO2. Several studies have reported that there are large amounts of CO2 emission from bathrooms, where a large amount of water is used [1, 2] . As a result, the use of water-saving showers that can reduce the amount of daily water usage is also effective in reducing the volume of CO2 emissions.
However, it is noted in previous reports [3] and in our own research [4] that the satisfaction feeling of shower is virtually dependent on flow rate. In other words, there is a trend where, as usage flow rate decreases, satisfaction also decreases, showering that there exists a trade-off between satisfaction and water-saving. Unless water-saving showers that can deliver a satisfying feeling to its users are developed, they will not be accepted by the market, thus not leading to a reduction in the amount of water usage. Water-saving showerheads that can deliver a satisfying shower experience are required in order to promote the efficient use of water through the popularization of water-saving showers.
In past studies regarding to satisfaction of high-efficiency showerheads, perceptions and satisfaction of shower were assessed by sensory evaluation [5, 6] . These studies identify the perceptions (e.g., spray force) that affect the satisfaction of shower feelings. However, there is fear that assessment score can vary due to individual characteristics of subjects. There are also other studies that analyze the physical factors affecting satisfaction through the analysis of the relationship between satisfaction evaluations and the physical property values of the shower [6] [7] [8] [9] [10] [11] [12] [13] [14] . In these studies, the physical properties of showers that enhance the satisfaction feelings of showers are investigated. To promote reduction of water use through the popularization of high efficiency showerheads, it is essential to compare differences of the physical properties that affect satisfactions between several populations. However, comparison is difficult because methods for determining physical properties are different among respective researchers.
This study was made to propose a method that analyzes the relationship between satisfaction, water usage, and physical properties of shower that were determined using existing physical properties test apparatus for water-saving showerheads. The goal of this study was (1) to construct the method that makes it possible to compare the result between consumers in different countries; and (2) to clarify the design requirement of showerhead reducing water consumption and having high satisfaction feelings of shower. Recently, we reported the result of analysis of the relationship between water consumption, satisfaction feelings of shower and physics of shower spray in Japanese subjects [4] . This paper presents the result of analysis of Taiwanese and Vietnamese subjects and compares the results with that of Japanese subjects.
Following is the summary of the research procedure.
(1) Satisfaction feelings of nine showerheads are assessed by sensory scale.
(2) The physics of the showerheads spray are determined with existing physical properties test apparatus. These results are compared with the result of Japan analyzed in previous study.
Methods

Determination of Physical Properties
Design parameter and flow rate of showerhead are shown in Table 1 . Physical properties of the shower obtained from the previous study [4] are used for this analysis. The determinations were conducted in accordance with AS/NZS3662:2013 [15] . However, the values for the usage water flow conditions are those determined in Table 1 . Summaries of the determination procedure [4] for each of the physical properties are as follows. Spray Force was determined using a water receiving plate with a digital force gauge attached. The measured value is the force value of the water sprayed on the water receiving plate vertically from above. Spray Pattern was measured using a water collection device positioned on concentric circles centered on 50 mm diameter circle, gradually enlarged in 50 mm diameter intervals. The water discharge distribution is measured when water is sprayed vertically from above the water collection apparatus. The measured value is the ratio of water volume collected in each concentric circle in relation to the total volume of water sprayed. The same determination apparatus used for measuring Spray Pattern is used to measure Spray Angle, and is calculated using the measured value and a formula defined in the standard. Temperature Drop is measured by measuring the difference between the spray temperatures adjacent to the showerhead and at a set distance from the showerhead. The measurement distance for the physical properties took into consideration the use of the shower when holding it by hand and by attaching it to the wall, just as for bathing experiment conditions, and the distance from the shower faceplate to the apparatus for Spray Force, Spray Pattern, and Spray Angle was set to 450 mm.
Evaluation of Satisfaction
Evaluation Method
Bathing experiments were conducted and sensory evaluations for satisfaction of shower feeling were performed for the showerheads indicated in Table 1 . Although evaluations of satisfaction for showers may include exterior design, weight, and ease of handling, in this paper, evaluation was limited to the satisfaction of the sprayed water as the objective was to develop a shower spray that provides a high level of satisfaction.
Showerheads adjusted using valves to dispense the spray flow rate predetermined in Table 1 were set in advance in the bathrooms used for the experiment. Subjects held the showerheads in their hands in the bathroom, adjusted the spray so that the water hit their chests, and then performed evaluations. Evaluations of the satisfaction of the spray were based on seven levels: Very unsatisfied, unsatisfied, slightly unsatisfied, neutral, slightly satisfied, satisfied, very satisfied. The evaluations were assigned grades of 1 to 7 and the results tabulated. When evaluation of one showerhead was completed, it was replaced with another showerhead, and the evaluation was repeated using the same procedure.
Experiment Location, Experiment Period, Subjects
The experiments were conducted in Taipei and Taichung (TAIWAN) in October 2013, and in Hanoi (VIETNAM) in December 2013. There were 18 subjects (healthy Taiwanese individuals consisting of 9 males and 9 females) and 19 subjects (healthy Vietnamese individuals consisting of 8 males and 11 females).
Survey of Bathing Habit
The survey of bathing habit for subjects was conducted. The question item was the frequency bathing using bathtub.
Survey of Shower Water Temperature
A survey of shower water temperature was conducted in households of Japan and Taiwan. The participants of this survey were 30 people in Japan (Fukuoka, Japan), and 63 other people (from Taipei, Taichung, Taiwan). First, the participants adjusted shower water temperature as usual in each home. Next, they filled a bucket with water discharged from the shower. Finally, the participants measured the water temperature by a thermometer.
Results and Discussion
Analysis of Relationship between Physical Properties, Usage Water Flow and Satisfaction
The correlation coefficient between the usage water flow and satisfaction was 0.147 in Taiwan and 0.129 in Vietnam. There were no significant correlations through uncorrelated tests. It is believed that there were no relationship between satisfaction grades and usage water flow with these two countries, as opposed to Japan where, according to our previous research [4] , satisfaction grade increased with the increase in usage water flow.
Next, in order to analyze factors other than the usage water flow that influence satisfaction, analyses were made to determine if there were differences in satisfaction and physical properties between showerheads with a high level of satisfaction and those with a low level of satisfaction, as well as between normal showerheads that use a high volume of water and low-flow showerheads that use smaller volumes of water. When creating these four groups, the threshold for water flow for low-flow showerheads and normal showerheads were set 7.5 L/min based on the ASME A112.18.1-2012/CSA B125.1-12. [16] and AS/NZS6400:2005 [17] . In addition, as a seven-level method was used for sensory evaluations to measure satisfaction, the threshold was set at 4 (neutral) and the grades were divided into a high satisfaction group and a low satisfaction group. Through this, the showerheads were divided into Group I-Low flow-high satisfaction group (three showerheads), Group II-Low flow-low satisfaction group (three showerheads), Group III-Normal flow-high satisfaction group (three showerheads), and Group IV-Normal flow-low satisfaction group (zero showerheads). As there were no showerheads that fit into Group IV, in actuality the showerheads were divided into three groups. Table 2 indicate the groups of showerheads. Table 2 . Groups of showerheads.
Group Taiwan Vietnam
I Low Flow-High Satisfuction S1, S3 S1, S2, S3, S6, S8
In order to analyze the difference in satisfaction between these three groups, the satisfaction grades for the showerheads in each group were averaged and a one-way variance analysis and multiple comparisons (Tukey b method) were conducted. The results are shown in Table 3 .
Compared to the low flow-high satisfaction group (Group I) and the normal flow-high satisfaction group (Group III), the low flow-low satisfaction group (Group II) had significantly lower values in satisfaction in the result of Taiwan and Vietnam. On the other hand, significant differences in satisfaction could not be observed for the low flow-high satisfaction group (Group I) and the normal flow-high satisfaction group (Group III). This result may show that high level of satisfaction can be achieved with low flow rate showers if other factors are optimized. Next, In order to analyze the difference in Spray Force, Spray Pattern, Temperature Drop and Spray Angle between these three groups, the measurement values for the showerheads in each group were averaged and a one-way variance analysis and multiple comparison (Tukey b method) were conducted. The results are shown in Table 4 . After investigating the relationship between Spray Force and usage water flow, compared to the two low flow groups (Groups I and II), the spray force value for the normal flow-high satisfaction group (Group III) was significantly higher in Taiwan. Although, a significant difference was not recognized, the spray force value of Group III was also higher in Vietnam. It is generally understood that spray force is proportional to flow velocity and water volume, and from this, it can be presumed that spray force also has an influence on usage water flow.
Next, no significant difference could be observed in the relationship with satisfaction between the low flow-high satisfaction group (Group I) and the low flow-low satisfaction group (Group II). This suggests that spray force does not influence satisfaction in both countries.
The relationship of Spray Force-per-Hole with usage water flow, satisfaction of showers was investigated. Spray Force-per-Hole value was calculated as a spray force value per hole obtained by dividing the force received by the entire water receiving plate by the number of holes in the showerhead.
First, for the relationship between usage water flow and Spray Force-per-Hole, the Spray Force-per-Hole value was significantly higher for the normal flow-high satisfaction group (Group III) when compared to the low flow-high satisfaction group (Group I) in both countries. As with the spray force, it is understood that Spray Force-per-Hole is also proportional to the flow rate per hole or the velocity of spray. As the water flow per hole is higher when usage water flow is higher, it is believed that the Spray Force-per-Hole influences usage water flow.
Next, from the relationship with satisfaction, compared to the low flow-high satisfaction group, the low flow-low satisfaction group had significantly higher values in result of Vietnam, and it was shown that lower Spray Force-per-Hole values increases satisfaction. On the other hand, in the result of Taiwan, in contrast to the low flow-high satisfaction group (Group 1), the Spray Force-per-Hole value was significantly higher for the normal flow-high satisfaction group (Group III), and a difference in Spray Force-per-Hole value could be seen within the high satisfaction group where there was no difference in satisfaction. These results suggest that, in Taiwan although the Spray Force-per-Hole value influences satisfaction, this influence no longer applies when a certain level of satisfaction is reached.
The spray pattern measurement results are shown in Figure 1 . Because particular difference in water volume ratio among showerheads could be seen with the 100 mm and 150 mm diameters, a comparison was made with each group of the ratio between the total water volume and the water volume distributed within 100 mm and 150 mm.
Results from studying the relationship between usage water flow and water volume ratio showed that the normal flow -high satisfaction group (Group III) had significantly higher values for both 100 mm and 150 mm values compared to the low flow-high satisfaction group (Group I) in the results of Taiwan and Vietnam. On the other hand, spray pattern can be controlled to a certain degree through spray hole angle, allowing for designs independent of usage water flow. As such, it is difficult to assume that there is a relationship between spray pattern and usage water flow. These results led to the belief that, compared to normal flow showerheads, low flow showerheads were designed so that spray pattern is concentrated in the center.
Next, in the comparison between the two high satisfaction groups (Groups I and II) and the low flow-low satisfaction group (Group II), no significant difference could be observed in the result of Taiwan. On the other hand, when focusing on the sample spray pattern for the low flow-low satisfaction group (Group II), there was different trend compare with others, as seen in Figure 1 , which has spray with distributed spray pattern (S5). From this, it was assumed that satisfaction is lost when the spray is either too distributed. Although there is a need for further analysis in the future with a larger sample size, there is a possibility that spray pattern influences satisfaction in Taiwan. In the result of Vietnam, compared to the two high satisfaction groups (Groups I and III), the spray pattern value for the low flow-low satisfaction group (Group II) was significantly lower. So, satisfaction reduces with spray distribution in both countries. This result suggests that the water ratio of 100 mm and 150 mm values influence satisfaction in Vietnam. The relationship between Temperature Drops and the usage water flow was compared between the low flow-high satisfaction group (Group I) and the normal flow -high satisfaction group (Group III). The result of Taiwan showed significant differences within each group. The result suggests that usage water flow is low when the value of the Temperature Drop is high. The results of Vietnam showed no significant differences within each group and so there was no indication of the relationship between usage water flow and Temperature Drops.
It is assumed that Temperature Drop depends on the heat quantity of flow line and droplets of shower spray. Heat quantity of flow line and droplets increase with water flow, and Temperature Drop decreases, which means that water flow can be assumed to correlate with Temperature Drop. However, no significant differences were found between low flow-high satisfaction group (Group I) and the normal water flow-high satisfaction group (Group III) in the result of Vietnam in this experiment. We studied the reason for this phenomenon. The average hole diameter for each groups can be found on Table 5 . Because some showerheads had two or more different hole diameters, we calculated the average hole diameter by dividing the total surface area of all the holes with the total number of holes on the showerhead. Comparing the low-flow-high satisfaction group (Group I) and the normal water flow-high satisfaction group (Group III), the average hole diameter of the normal water flow-high satisfaction group (Group III) was 0.9 mm in the results of Taiwan and Vietnam. In contrast, the average of diameter of the low-flow-high satisfaction group (Group I) was 0.7 mm in the result of Taiwan, and 0.8 mm in the result of Vietnam. From the above fact, It is speculated that what caused the lack of difference found in the Vietnamese result was the fact that the droplets of the low flow-high The relationship between Temperature Drops and satisfaction was compared between the low flow-high satisfaction group (Group I) and the low flow-low satisfaction group (Group II). The results of Taiwan showed no significant differences within each group and so there was no indication of the relationship between satisfaction and Temperature Drops. The results of Vietnam showed significant differences within each group and the result suggests that Temperature Drops influence satisfaction. Regarding the relationship between spray angle, usage water flow and satisfaction, there were no significant differences and so there were no indication of the relationship.
From these results, it is believed that Spray Force, Spray Force-per-Hole and Temperature Drop are physical properties that influence usage water flow. It was also shown that Spray Force-per-Hole and Spray Pattern are physical properties that influence satisfaction. Also, there is a possibility that water volume ratio of 100 mm and 150 mm is a physical property that influences satisfaction for both countries. In additions, it was assumed that Temperature Drop influences satisfaction in Vietnam.
Comparison of the Results in Japan, Taiwan and Vietnam
The results from analyses in Taiwan and Vietnam were added to the results of the analysis conducted in Japan shown in [4] above, and the results of the three countries compared and considered.
First, three factors; Spray force, Spray force per hole, temperature drop were extracted as physical properties which affect usage water flow in all three countries. This relationship can also be theoretically explained, and it is believed that there is no difference between countries.
Next, in regards to physical properties that have a proportional relationship to satisfaction, a comparison was conducted in Japan, Taiwan, and Vietnam. Table 6 shows the average sample value for the low flow-low satisfaction group (Group II) in each country. Physical properties that were thought to have no influence on satisfaction are indicated with a "-". Differing trends could be seen for Spray Pattern values within Group II in Japan and Taiwan. As such, for Japan, the average values have been indicated for S2 and S6, where more concentrated spray patterns could be seen compared to other groups, as well as that for S5, for which a diffused value was seen. For Taiwan, the value for S5, for which a more diffuse pattern was seen compared to other groups, has been indicated.
First, for Spray Force-per-Hole, the trend in all three countries was a decline in satisfaction when Spray Force-per-Hole became too great. When comparing average values, the largest was Japan with 0.030 N, followed by 0.027 for Vietnam, and 0.025 N for Taiwan. It is believed that the difference in these values possibly indicates a difference in tolerance values for localized loads. In previous research that may have a relationship with tolerance values for localized loads, there is research on the differences between races regarding tolerance to pain. There has been research conducted on threshold and tolerance to mecanically applied stimuli comparing Danish Caucasians and South Indians [18] , and betweeen Belgians and Japanese [19] . In the research, the threshold for pain was higher for Asians compared to Caucasians, but with lower tolerance. Although there was no reseach found comparing Japanese with Taiwanese and Vietnamese, because the threshold for pain differs, it can be inferred that localized load is associated with low satisfaction levels, in other words, a difference could be seen in the average value for load per hole. Spray Pattern measurement results showed a trend in all three countries where satisfaction decreased if the water volume ratio within φ 100 and φ 150 was low. Only in Japan was there a trend where satisfaction decreased when the water volume ratio was too large. However, because the average value for the low satisfaction sample was 96%, this was deemed to be nearly 100%. Because the average value for water volume ratio that was seen to provide low satisfaction was practically the same for all three countries, it can be inferred that the water volume ratio within φ 100 and φ 150 that increases satisfaction remains the same regardless of country.
The Temperature Drop measurement results showed a trend in Japan and Vietnam where satisfaction decreased when the Temperature Drop was large. No relationship could be observed in Taiwan. When comparing the average values for samples in Japan and Vietnam for which satisfaction was evaluated as being low, the value was 2.3 °C for Japan and 3.4 °C for Vietnam. The differences in these values indicate a difference in tolerance for temperature drops, and it is believed that the Japanese may have a stricter tolerance for temperature drops. There is previous research relating to this where it has been reported that there are differences between races when it comes to human body temperature adjustment response [20, 21] . For example, when exposed to heat, rectal temperatures for Malays, who live in tropical regions, do not rise as easily as the Japanese, who live in mesodermal climates, and because there is a large rise in temperature of the extremities for the Malays, they have a greater ability to effectively stabilize their internal body temperature, giving them abilities appropriate for tropical climates [22, 23] . The average temperature in Japan (Fukuoka Prefecture) is 17.0 °C [24] , a temperate zone, while Taipei, Taiwan has an average temperature of 23.0 °C [25], a subtropical zone, while Hanoi, Vietnam has an average temperature of 24 °C [26] , a tropical zone. From this, there is a high possibility that compared to the Japanese, the Taiwanese and Vietnamese have abilities appropriate for high temperatures. In addition, According to the result of survey regarding shower water temperature, the average temperature for Japan was approximately 39.0 °C while the average temperature for Taiwan was approximately 36.1 °C. In previous research [27] , it was reported that no changes in heart rate were observed when bathing in still water with a temperature of 36 °C, which is close to the average temperature for Taiwan, while heart rate increased when bathing in still water with a temperature of 38 °C, close to the average for Japan. It is believed that compared to the Taiwanese who use showers while trying not to warm up their bodies as this leads to increased blood circulation around the entire body, increasing heart rate, the Japanese use showers to warm up their bodies. From the above, it is believed that it may be that receiving heat is felt as satisfying for the Japanese who live in a temperate area, while the Taiwanese and Vietnamese, who live in subtropical and tropical areas feel satisfaction in releasing heat from their bodies in order to cope with the high temperature environment. Perhaps this is why there was no indication for the Taiwanese of a relationship with satisfaction even when the water temperature dropped, and that tolerance values were lower in Japan than in Vietnam.
In regards to Spray Angle, a relationship with satisfaction could only be indicated for Japan, and there was a trend of lower satisfaction evaluations when spray angles were too great. Although various factors can be suggested as to why indications could be seen of a relationship between spray angle and satisfaction that exists only in Japan, this paper focused on differences in bathing habits. According to the result of survey regarding bathing habit, only 3% of the Japanese subjects responded that they do not bathe in the bathtub at all, while the numbers were 66% for the Taiwanese subjects and 61% for the Vietnamese. This is believed to indicate that while Japanese bathing habits mainly involve bathing in a bathtub, the Taiwanese and Vietnamese only shower. It is believed that in Japan, the Japanese shower using the washing area next to a bathtub filled with hot water. Compared to shower sprays with small spray angles, those with larger angles have a shallower angle of incidence when hitting the body, making it easier for water that bounces off the body after hitting the skin to spray all around the surrounding area. It is believed that because there is a conscious effort to avoid getting water that bounces off when showering from falling in the bathtub, the Japanese feel a lower level of satisfaction when the spray angle is large.
In this study, we speculated that these differences are affected respectively by ethnic differences in pain tolerance, thermoregulatory response, bathing habit. However, there is a possibility that these differences are affected by many factors; age or gender of people, geography, socioeconomic factors. For instance, Berardi [28] reports that the gender differential affects water usage and amount of showering. This further analysis is an issue for the future.
Conclusions
The purpose of this study was to construct a scheme that makes it possible to compare the relationship between usage of water, satisfaction, and physical properties in several countries. In this paper, we analyzed the result from Taiwanese and Vietnamese subjects and compared them to that of Japanese subjects analyzed in the previous study. From these results, it is believed that Spray Force, Spray Force-per-Hole and Temperature Drop are physical properties that influence usage water flow. It was also shown that Spray Force-per-Hole, water volume ratio of Spray Patterns 100 mm and 150 mm are physical properties that influence satisfaction for both countries. In addition, Temperature Drop also was shown to influence satisfaction in Vietnam.
Next, we compared the physical properties of shower assessed low in satisfaction by Taiwanese, Vietnamese and Japanese subjects. It was assumed that spray pattern tends to decrease satisfaction when the water volume ratio within 100 mm and 150 mm is low, and that, because all three countries showed the same value, it was imagined that there were no differences in the water volume ratio of high-satisfaction showerheads among three countries. On the other hand, the values of Spray Force-per-Hole, Temperature Drop, and Spray Angle were different among three countries. We speculated that these differences are affected respectively by ethnic differences in pain tolerance, thermoregulatory response and bathing habit.
To promote reduction of water use through the popularization of high efficiency showerhead, a guideline of physics value to guarantee satisfaction feelings of showering needs to be established. In the future, we will investigate this guideline.
